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INTRODUCTION
Compton scattering of photons off of electrons has been described by the Klein-Nishina formula. This treatment assumes the photon interacts with a free unbound electron. In order to account for the effect of the binding energies between the electrons and the nucleus on total atom Compton scattering, a factor for incoherent scattering is introduced. The f d energy of the scattered photon depends on the electron's momentum distribution in its particular subshell around the atom. This distributes the scattered photon's energy about the energy predicted by the Compton energy-angle relation. A consistent approach, which includes the physics of electrons in bound states, was implemented into two simple Monte Carlo subroutines. The presented techniques assume that no energy is absorbed by the atoms during the scattering process and the atoms are free, i.e., no molecular effects. These routines were verified and validated by comparisons of the double differential, differential, and total incoherent scattering cross sections to values published in literature.
APPROACH
Once a Compton event is indicated in the simulation, the parameters governing the interaction are initial photon energy and atomic number of the atom involved in the scattering process. If the medium in which a Compton event occurs is a compound, the specific element the photon interacts with is sampled based on the fraction of electrons associated with each element in the compound. The code provides output of the fmal scattered photon energy and cosine of the polar scattering angle. Because only unpolarized photons are considered, the azimuthal scattering angle is sampled uniformly over the range [0,271].
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The cosine of the scattering polar angle, p , is calculated using the Kahn rejection technique which samples from the Klein-Nishina formula exactly [ l ] . Another rejection technique is used to account for the incoherent scattering b c t i o n , S(x(p, ai), Z) , where the scattered polar angle is retained with a probability of A description of this technique is contained in Appendix A. The incoherent scattering function is tabulated as a function of the momentum transfer variable, x(p, a,) , in units of inverse Angstroms, where ai is the initial photon energy in units of the rest energy of an electron and
. Log-log interpolation is used to sample the values of the incoherent scattering function between the tabulated points, except between the first two points where linear interpolation is used.
Once the scattering polar angle is determined, the scattered photon's energy is calculated using shellwise Compton profiles as probability distribution functions. The Compton profiles are tabulated as a function of the projection of the electron precollision momentum on the momentum transfer vector of the photon. This projected momentum is described by Apparent in all of these figures is a shift in scattered photon energy between the theoretical calculations and Monte Carlo results. The magnitudes of the shifts are 96 eV, 93 eV, 191 eV, and 163 eV for Figs, 1-4, respectively. The shifts are less than 0.03% of the peak energy in all cases. The peak in the Monte Carlo results is always at the freeelectron scatter energy calculated by the Compton energy-angle relation (corresponding to the case when the determinate of the solution of the momentum equation is zero). The derivation of the momentum equation is based on energy-momentum conservation assuming free particle kinematics. Therefore, the energy peak from these routines will always be at the free-electron scatter energy. The relativistic impulse approximation solutions do not contain any assumptions regarding the energy value of the peak. In order to verify the calculations over 1 I 2 5 100 and 0.01 keV5 Ei 5 100 meV, total
Ei -Es
Compton scattering cross sections were calculated and compared with values from the Evaluated Photon Data Library maintained at Lawrence Livermore National Laboratory 
CONCLUSIONS
Two Monte Carlo subroutines have been coded to treat the physics of bound electron Compton scattering for unpolarized photons. The range of input parameters for which quality assurance has been demonstrated are 1 2 2 5 100 and 0.01 keV > Ei 3 100 MeV.
The subroutines provide the Compton-scattered photon energy, polar angle, and azimuthal angle (both referenced from the original direction of the initial photon) as output.
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[71 [l] [2] Vol. 16, pp. 201-309 (1975) . The relevant information for all Z is stored in a COMMON block. In addition, the uniform random number generator is "warmed up" in this program. The subroutine has no arguments and should be called before kahnd.for and doppler.for are called.
The two main subroutines that perform the relevant calculations are kahnd.for and doppler.for. The subroutine kahnd.for is called fust. The input parameters are the initial photon energy in MeV and the atomic number of the scattering element. The subroutine returns the value of the cosine of the polar scattering angle and the azimuthal scattering angle in radians. These two angles are referenced fiom the original photon direction. Now, the subroutine doppler.for is called. The input parameters are the cosine of the polar scattering angle and the atomic number of the scattering element. This subroutine returns the scattered photon energy in MeV.
These two subroutines, kahnd.for and doppler.for, require the use of two other support subroutines. A uniform random number distributed on the interval [0,1] is produced by a subroutine genmu.for, and log-log interpolation is provided by logintfor.
These subroutines are written in standard Fortran 77 and can be obtained in electronic format (including the data files) from Tom Prettyman at Los Alamos National Laboratory. pp.489-494 (1994 Some constants are set.
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The proper interval as denoted by the integer K is found by a bisection method. 
